When a child is engaged in improvisational play, representations of the activity are transient. Thus, to reflect on or change what has been done requires great effort of memory. This paper argues that by recording aspects of children's activity while they are engaged in improvisational play, virtual environments can provide powerful tools to support children's reflection about aspects of narrative. A virtual environment called PUPPET is introduced, which aims to allow children to engage in playful interaction with autonomous agents, while recording dialogue for the characters in the world. An evaluation of the PUPPET system suggests that children found the environment to be a motivating and engaging one. Furthermore, recording and editing dialogue for the characters in the world was found to be successful in eliciting reflective thought and discussion between the children.
Introduction
Edith Ackermann has described cognitive growth as a "dance between diving-in and stepping-out" [1] . She attempts to reconcile the perspective of theorists working in the situated cognition tradition [2, 3] , who emphasise the contexts in which knowledge is created, with the more removed forms of knowledge structure emphasised by theorists such as Piaget [4, 5] . She argues that in order to learn from experience, it is necessary to step back from it momentarily and to reflect upon it in objective terms. Once viewed with detachment, personal experience can then be re-engaged resulting in new understanding.
For children, engaged in improvisational play, however, this is no simple matter: representations of activity in memory are ephemeral. Thus, to step back and reflect on or change what they have done requires major cognitive effort [6, 7] . One of the ways that people have learned to circumvent such memory overload, is to transfer some of it onto an external representation [8, 9] , for example writing [10] . The young child's armoury of representational systems is however, limited. Thus, their opportunity to objectify and reflect upon activity is small.
We suggest that a virtual environment can provide a powerful tool to support both 'diving-in' and stepping-out'. Specifically we argue that a virtual environment can provide an engaging environment to support playful interaction, while at the same time recording aspects of that interaction. These recordings can then be used by the children to help make their activity objective, aiding reflective thought and discussion.
PUPPET, a European Union i3-funded project, developed a 3D virtual environment populated by autonomous agents: characters whose behaviour is not only a function of user commands and interaction, but also of their own intentions and desires.
Previous work by Hayes-Roth and co-workers [11, 12] on the use of autonomous agents as improvisational actors allowed users to control the behaviour of animated characters by providing them with high-level directions and changing their mood states. The characters then improvised behaviour as a function of mood-state, directions and interaction with other characters. PUPPET aimed to allow children to play a more active role in the creation of an improvisational narrative by playing in the world with an avatar and personalising aspects of the environment. The PUPPET system also allowed children to record dialogue for the characters while playing in the world. We predicted that reviewing and re-recording this dialogue while 'stepping out' of the character would promote more objective thought and discussion about the PUPPET world. This approach is similar to the notion of 'Hot seating' used in the Teatrix system [13, 14] , where children are asked to freeze their actions and explain the meaning of their character's actions.
In support of the claim that virtual environments can support the kind of learning described by Ackermann [1] , this paper describes an evaluation of the PUPPET system's ability to engage children in playful interaction and looks at the potential of a dialogue recording and editing facility to promote reflective thought and discussion between the children.
The virtual world and agents
The PUPPET world was designed as a virtual farmyard, an environment familiar to most children in the target age range. The farmyard provides the setting for a simple narrative based on conflict between two autonomous agents: a cow and a farmer. The farmer plays the part of the protagonist. He wants everything in his farmyard to be in its proper place, so endeavours to return the cow to its pen whenever he notices it has escaped. The cow plays the role of antagonist. It wants to be more human, and escapes from the confines of its pen at every opportunity to listen to music on a gramophone and to read poems from the books on a bookshelf. The interaction between these two characters sets up a perpetual narrative cycle designed to capture the children's attention, with first one character in the ascendancy and then the other.
This interaction between agents is based upon a simplified version of what our partners from dramaturgy have termed a dramatised actant model of narrative [15, 16] . They base this upon the actant model proposed by the French narratologist Greimas, which itself was derived from Propp's structural model of the folktale [17] . An actant can be thought of as a dynamic force that drives a narrative. In our scenario, the opposing forces of the agents' goals drive the narrative cycle.
The behaviour of the agents in the interaction is determined by their relative position on two parameters: status and attitude [15] . The concept of status is used in improvisational theatre as a means of attracting an audience's attention and communicating important developments in a character. In the PUPPET system, the agents change from high status to low status and vice versa as a function of how successful they are in meeting their goals. In high status an agent will be more dominant in their interaction with the other agent and in low status, more submissive.
Attitude was treated in the scenario as primarily a practical device [15] . Thus, it was defined behaviourally in terms of the types of actions the agents might use to achieve their goals: herding or luring the cow for the farmer and bursting or sneaking out for the cow in positive and negative attitudes respectively. However, attitude may also be thought of as related to the emotional states of happiness and anger. It has been suggested that these two emotional states, as evidenced by their characteristic facial expressions, might be universal [18, 19] and have been incorporated into the cognitive structure of emotions model (commonly referred to as the OCC model) proposed by Ortony et al. [20] .
Each of the four combinations of status and attitude associated with the agents was communicated to the audience via a combination of characteristic facial expressions, gait, posture and non-verbal sounds. Previous work on the project had emphasised the importance of the face in communicating emotional information to young children [21] . Thus, the agents were designed with exaggerated cartoon facial expressions. Other aspects of the agents' appearance and sounds were designed in collaboration between an animator and professional actors who improvised in a melodramatic style with exaggerated movements and gestures [15] . Figure 1 shows how the agents appeared in all four combinations of status and attitude. The Avatar A third character, the sheep can also be introduced into the scenario. The sheep is an avatar, the child's representation in the virtual world. It can be in one of three emotional states: positive, negative and neutral. Positive and negative emotion should be considered analogous to the positive and negative attitudes exhibited by the two agents. These states are also signified by changes in the appearance of the character. When in a positive emotional state, the sheep appears fluffy and white, with flower petals on its fleece. In a negative state, it appears red and angry-looking, while in neutral state, it appears as a normal grey cartoon sheep. The appearance of the sheep in different emotional states can be seen in figure 2. The child can use the sheep to interact with the other characters. This interaction occurs at two levels of intensity: if the sheep is in the proximity of one of the agents, then the agent will respond in a way appropriate to the sheep's emotional state; the children can also direct sounds and actions toward the agents. In this situation, the agent responds with greater intensity. With repeated interaction, the agent will change their status and attitude. As the type of interaction between the agents is a function of these parameters, the child can use the sheep to alter the narrative course of the scenario. For example, the sheep in a negative emotional state could be used to chase the cow back into its pen. The cow, having failed to reach its goal would then change to low status. The farmer, having seen his goal of returning the cow to its pen met, would then change to high status, resulting in a more dominant role in later encounters with the cow.
Recording and editing dialogue
As a default, the PUPPET system has non-verbal sound files for all of the protagonists in every combination of character and emotional state. However the default sounds can be turned off. In this situation, whenever a novel sound file is due to be played by the system, the action in the world stops, and a window appears on the screen inviting the users to record dialogue for the character about to make a sound. Once the dialogue has been recorded, it remains in the system and will play whenever that combination of character and emotional state recurs.
The system also included a separate dialogue-editing mode. This allowed the child to review, and if necessary change, all of the dialogue previously recorded. To do this, the same window used initially to record the dialogue was presented to the children along with another window showing pictures of screenshots taken at the time the dialogue was recorded. The pictures remind the children of what was happening at the time of recording. A larger picture was also shown to the children showing the context of the sound currently being edited.
The dialogue recording and editing facilities were designed to allow the children to stand back from experience of playing in the virtual world to reflect upon aspects of that experience more objectively.
The system PUPPET was run across two computers: a PC running the high-level agent behaviours, with the low-level behaviours and virtual environment running on an SGI 02. Children viewed the PUPPET world on the SGI monitor. Navigation in the virtual environment and control of the recording and editing windows were via a three-button mouse. A Universal Concept Keyboard was used to control the emotional state, viewpoint, and behaviour of the avatar. A concept keyboard is a touch-sensitive pad that allows the use of overlays in a variety of media. An overlay was designed with simple icons that could be used by the children to control the avatar. The overlay is shown in figure 3 with a description of its functionality. From left to right they look through the avatar's eyes, move one step closer to the avatar, move one step away from the avatar, and deselect the avatar and fly freely. The middle row of icons select the emotional state of the avatar, from left to right: positive, neutral, and negative emotional state. The two buttons on the bottom row make a sound or make a sound + an action (a little jump)
Evaluation
In order to evaluate the claim that the PUPPET environment could both provide a playful, engaging experience for children, and support reflective thought and discussion about aspects of that experience, the system was set up for three weeks in the library of a local school. Pairs of children from a class of seven and eight year olds had four sessions with the PUPPET system over the course of approximately three weeks. Each session took between fifteen and forty five minutes and differed in the style of interaction available to the children. In line with our theatre metaphor, each session focussed on one perspective that could be taken. The sessions were:
The child as audience. This involved an experimenter controlling the viewpoint in the virtual world, focussing on the interaction between the agents and inviting the children to talk about what they thought was going on in the world as well as reason about the agent's goals. For children to engage in playful interactions in the virtual world, both an understanding of that world and the goals of the characters were necessary. We were also interested in how well the children would be able to understand the status and attitude parameters that we had introduced to drive the agent interaction. The child as actor. Here, the children were first allowed to navigate freely in the virtual world, before being introduced to the sheep character and having the concept keyboard functionality explained to them. The children were then allowed to play freely in the world as the sheep, first with one child controlling navigation while the other controlled the sheep's emotional state and actions via the concept keyboard, and then with each child taking turns to control both aspects of the sheep's behaviour. The children were encouraged by the experimenter to talk about what they were doing. If, near the end of the session, the children had shown little interest in interacting with the agents, they were then encouraged to do so. The child as scriptwriter. The experimenter again controlled the viewpoint in the virtual world, focussing on the interaction between the agents. In this session, however, whenever a novel sound file was about to play, the action in the world stopped and a dialogue-recording window appeared in the corner of the screen. Each child recorded all of the dialogue for one of the agents. The avatar was then introduced into the scenario. The children took turns to record the dialogue for the avatar. The session was ended when all of the default sounds had been re-recorded. The child as editor. In this session, the children reviewed the dialogue they had recorded previously, while viewing the screenshots taken by the system at the time of recording. For each recording, they decided whether they wanted to keep or re-record it. The children were encouraged to talk about why they were making changes. Once the children were happy with all of their dialogue, they re-entered the PUPPET world as avatar to hear their sounds in context.
All of the sessions were videoed for later transcription. Simple coding schemes were developed during the analysis to try and categorise the types of dialogue used by the children to talk about their experiences playing with the PUPPET system. These are described by session in following sections.
Details of children
Participants came from one class in a local Sussex school. Sixteen children took part: six girls and ten boys. The median age was seven years nine months (range 7;5-8;3).
No measures were taken of the children's educational attainments, reading age etc. Informal discussion with teachers suggested that the children were of mixed ability.
Session 1: Child as audience
As evidenced by their dialogue, the children had a fairly accurate understanding of what was happening in the interaction between the agents. For example:
"The farmer's leading him back to where he belongs" "He tries to make him follow him, but he keeps reading a book" "He's going to read that fairy story again"
The only confusion evident in the discussion was some children initially thinking the cow was trying to follow the farmer: "I think the cow is trying to sneak up on him" "I think it's going over to the farmer"
The children made a number of statements about what the agents might "want". These were interpreted as statements about the agents' goals. Sixteen goal statements were made about the cow. Of these, all but two fitted well with the goals as we had designed them, for example, that the cow wanted to have read books, listen to music, escape, etc. The statements that didn't fit well were that the cow wanted to go to bed and that the cow might want to eat the books (although this is not an unreasonable conclusion).
Twenty-one goal statements were made about the farmer. These fitted reasonably well with the goals embodied in the agent architecture, for example, that the farmer wanted to stop the cow reading, wanted the cow to follow him, and wanted to put the cow in the pen. Some children reasoned about why the farmer might want to put the cow in the pen, concluding that he might want to milk her, or give the cow something to eat or drink. One pair of children thought that the farmer wanted to lead the cow to another field other than the pen and made two goal statements to this effect.
All of the adjectives used by the children to describe the agents' behaviour, mental or emotional states were collated to determine how well the children had understood the attitude and status parameters in the agent architecture. In total, sixty-three such adjectives were used to describe the farmer, and sixty-one the cow. Thirty-seven of these adjectives for the farmer and twenty-four for the cow were synonyms of "angry" (e.g. "cross", "annoyed" etc). This maps well onto negative pole of the attitude parameter in the agent architecture. Eighteen adjectives for the farmer and sixteen for the cow were synonyms of "happy", which mapped well onto the positive pole of the attitude parameter. The only other large cluster of adjectives was of synonyms of "unhappy" which the children used to describe the cow sixteen times. This appears to fit best onto the low pole of the status parameter, although the fit is not a good one. Overall, the children seemed able to understand both the action occurring in the virtual world and the goals of the two characters as embodied in the agent architecture. The children also made a number of statements that we interpreted to demonstrate an understanding of attitude as we had designed it. However, the children demonstrated little explicit awareness of the agents' status.
Session 2: Child as actor
In order to investigate the children's ability to take on the role of the avatar, all talk relating to the sheep was classified as either speech as the avatar or speech about the avatar. Speech as the avatar was either in the first person, e.g. "I'm going to smash the fence over", or dialogue to one of the other characters in the PUPPET world, e.g. "Come on cow, let's go and gang up on him". Speech about the avatar was in the third person, e.g. "He's going to be in a normal mood". One statement to the avatar in the second person was also included in this category: "Come on sheepy". Overall, the children made approximately the same number of statements in each category: one hundred and fifty nine (51%) statements as avatar and 154 (49%) about the avatar. There were, however, large differences between the children in the type of language used to talk about the avatar. The mean number of statements made by each pair about the avatar was 20.7 (standard deviation = 8.0), while the mean number made as avatar was 18.3 (standard deviation = 23.5). Thus, although the mean number of statements made were similar, there was far greater variance in the number of statements made as avatar. The children who talked most as avatar were those who experienced fewer problems in navigating with the mouse. This is perhaps unsurprising: the children who were better able to take on the role of the character were the ones less aware of the role of the technology in mediating the experience.
Those children who did talk as the avatar did so in both the 1 st person singular and plural as the following excerpts demonstrate: "I don't want to fall into the water. I'm not a sheep that's wet" "How dare you hurt our friend?" [to the farmer] "We could make the farmer…we could go up to the cow and smile" This wasn't related to whether one child controlled both the mouse and concept keyboard, or whether the control of the sheep was shared between the kids. Thus, the children seemed to be able to both take on the sheep's role, and to share that role between the pair.
Talk as the avatar was most frequently about navigating about the farm and interacting directly with the other characters. For example: "Let's go and get the cow" "I'm going to smash the fence over" Talk about the avatar was more frequently about parameters the children were changing on the concept keyboard, describing the avatar, and making more reflective comments. For example: "I'm going to make him angry" "I wonder if the sheep can dance" "Sheep's don't like water"
The children switched frequently between talking as the avatar in the 1 st person, and making more reflective comments about the avatar. Most of the children's time as avatar was spent exploring the virtual world. All tried to interact with the cow and farmer to some extent. These attempts however, were generally directly physical, rather than by making sounds and actions via the concept keyboard. For example: "I'm trying to head-butt the farmer to help poor Daisy" "Let's sneak up on them"
Those children who had few problems controlling the avatar with the mouse also frequently talked to the other characters as the sheep: "Follow me. Don't go anywhere else" [to the cow] "How dare you hurt our friend?" [to the farmer]
In sum, the children found the task of controlling the sheep to be an engaging one, although some had problems controlling the character with the mouse, and were interested in engaging with the characters in a directly physical way. As this style of interaction did not affect the status or attitude of the agents, however, few children were able to influence the course of the narrative cycle. This may have decreased their level of engagement with the scenario somewhat, and may explain why they spent most of their time as avatar exploring the virtual world.
Session 3: Child as scriptwriter
Children found the task of recording character dialogue to be an engaging one, spending much time recording and re-recording dialogue for the characters. The children made some particularly inventive and often humorous recordings. One pair of children recorded songs for the characters to sing. For example: "It's a lovely day today, And the sheep and the cow, Are not having rows, Over the bread and milk today, Yay, yay yay-yay-yay" Some account of the attitude of the characters was taken when recording dialogue. Recordings for the characters in negative attitude were often angry and unfriendly: "You stupid little farmer. I hate you. I hate you. I hate you." "You damn, blasted, idiotic cow, get in your stable"
In positive attitude they were happier and friendlier:
"Good day, happy cow" "Baa, it's a lovely day today"
The appropriateness of the children's dialogue to the attitude of the agents seemed to interact with the status of the agents. In high status, the link between their recording and the attitude of the agent was obvious. In low status however, the link was less clear.
The dialogue-recording task was also successful in eliciting discussion between the children. Of one hundred and sixty five recordings, they discussed the dialogue in seventy-six (46%) cases. In a further thirty (18%) cases, they took turns to offer alternative suggestions of dialogue, before recording one of them. In fifty-nine (36%) cases, the dialogue was recorded with no discussion. Topics of discussion were very varied, including the appearance of the characters, relationships to previous dialogue, action, and the quality of the recordings. In discussing dialogue, the children made several references to the emotional states and behaviour of the agents. The terms were similar to those used in the first session. Specifically, they used a number of terms like "angry" and "happy" which map well onto the concept of attitude as we have designed it. The children made little reference to anything that could be considered the status of the characters.
Session 4: Child as editor
The children found the task of editing their sounds to be again, an engaging one. Replaying previously recorded dialogue provoked much laughter and discussion about the recordings.
Different pairs took very different approaches to the editing task, some changing nearly all of their previously recorded dialogue and giving a number of explanations for the changes. Others, as demonstrated by the following comment, although enjoying listening to their recordings, changed almost no dialogue:
When entering the virtual world again as avatar after editing their dialogue, the pattern of activity was broadly in line with that described in the first avatar session. Most time was spent exploring the virtual world, with only physical attempts to interact with the cow and farmer.
Discussion
The PUPPET virtual theatre is an example of a system that provides both an absorbing phenomenological experience, and the opportunity to stand back and reflect upon aspects of narrative more objectively. Children found the experience of playing in the virtual world to be both engaging and comprehensible. They were able to understand the simple narrative cycle in terms of the agent's goals and attempted to interact with the characters, although in a very physical way, by, for example, trying to push one of the characters away.
Unfortunately, a physical style of interaction was not well supported by the PUPPET system. Few children were therefore able to change the course of the narrative cycle. While the children had few problems in understanding the iconic controls on the concept keyboard, it may have been that interacting with the agents in this way was not intuitive enough for them to immediately grasp. It is suggested that providing them with richer forms of physical interaction might be a way to lead them into the kind of symbolically mediated interaction possible with the concept keyboard. As some of the children struggled to use the mouse to navigate in the PUPPET world, it is also suggested that a different input device should be used with this age group.
The children seemed to understand the attitude parameter as had been designed in the agent architecture, frequently describing the agents in synonyms of the emotional state terms "happy" or "angry" [18] . They made little explicit reference, however, to anything resembling the concept of status. Whether they were unable to understand the concept, or simply unable to verbalise such an understanding is unclear. Status, as used to signify power relations in improvisational theatre, certainly seems more complex than the more familiar concept of attitude.
Both the recording and editing sessions were successful in eliciting objective discussion between the children about what dialogue to record for the agents. Topics of discussion were diverse, including rhythm of the recorded dialogue, the relationship of dialogue to the emotional states of the agents, and the relationship of dialogue to previously recorded sounds. This highlights an advantage of this kind of system over more conventional narrative play. In conventional forms of improvisational story creation, the dialogue and action produced is transient, and it therefore takes great mental effort to recall dialogue to reflect and improve upon it. The recording and editing facilities in PUPPET, in contrast, allow the children to offload cognitive effort onto the system, allowing them to iteratively improve upon the dialogue they create [6, 7] . Furthermore, the system supports the cycle of immersive and objective learning proposed by Ackermann [1] , both globally between sessions, and within the avatar session where children were observed to jump fluidly between making comments as the avatar in the first person, and making more reflective comments about the PUPPET characters and world. Dialogue is not the only aspect of narrative that could be recorded and objectified in a virtual environment. For example, children could be allowed to change the agent's personality traits and behaviour off-line, engaging with and standing back from the scenario to reason about how narrative relates to the personality of its protagonists [7] .
